In low-and middle-income countries (LMICs)-when there are available data-a 'health divide' exists between indigenous and non-indigenous populations living in the same society. Despite the limited available evidence suggesting that indigenous populations have high levels of health needs, there is scant research on indigenous health, especially in Africa, China and South Asia. Pursuing research, however, is clouded by the prior negative experiences that indigenous populations have had with researchers. In this paper, we describe the current evidence base on indigenous health in LMICs, propose practical strategies for undertaking future research, and conclude by describing how global health researchers can contribute to improving the health of indigenous populations.
INTRODUCTION
In low-and middle-income countries (LMICs)-when there are available data-a 'health divide' exists between indigenous and non-indigenous populations living in the same society (Montenegro and Stephens, 2006; Ohenjo et al., 2006; Subramanian et al., 2006; Pan et al., 2010; Haddad et al., 2012) . Indigenous groups in LMICs consistently have poorer health outcomes than nonindigenous groups; in particular, they carry a higher burden of infectious diseases and face elevated rates of child and maternal mortality . This health divide has been attributed to a number of reasons, including historical oppression, cultural marginalization, social discrimination, high levels of impoverishment, inadequate access to health care, and insufficient recognition of and respect for indigenous populations and their rights (Witzig and Ascencios, 1999; Stephens et al., 2006; Therakam, 2009) . Indigenous women face particular disadvantages due to the intersecting forces of indigeneity and gender, including a disproportionately higher burden of gender-based violence (United Nations, 2009) .
The health of indigenous populations has been neglected by governments, local health authorities and the larger international community. For example, the Millennium Development Goals did not include specific targets for indigenous groups; therefore, a country could theoretically reach the intended targets while the health of their indigenous people either stagnated or declined . Researchers have also been neglectful: despite the limited available evidence suggesting that indigenous populations have higher levels of health needs, there is scant research on indigenous health, especially in Africa, China and South Asia (Stephens et al., 2005) .
Pursuing research, however, is clouded by prior negative experiences indigenous populations have had with researchers (Smith, 1999; Cochran et al., 2008) . Indigenous populations have been harmed through inappropriate research methods and practices. Historically, indigenous populations have been viewed merely as objects of scientific study, and in some contexts the research was done in order to advance colonial agendas and 'manage' indigenous groups (Economic and Political Weekly, 2003; Stephens et al., 2006; Cochran et al., 2008) . Despite the end of blatant unethical and harmful research practices with indigenous populations, there continues to be challenges related to culturally insensitive research designs and methodologies that fail to properly meet the health needs of indigenous communities, misrepresent indigenous lives and fail to translate research into any tangible benefits for the communities (Smith, 1999; Economic and Political Weekly, 2003; Cochran et al., 2008) . These accounts have been largely described and criticized by researchers in high-income countries (Smith, 1999; Chino and DeBruyn, 2006; Cochran et al., 2008) , but likely represents experiences of indigenous populations in LMICs. For example, during the 1940s, American researchers intentionally infected local Guatemalan populations-many were of Mayan and other indigenous descent-with sexually transmitted diseases in order to assess the effectiveness of penicillin (Reverby, 2012) . More recently, a systematic review on India's indigenous populations (known as Adivasis) and population health interventions found that most studies did not meet core ethical standards, let alone integrate additional ethical strategies that would promote cultural sensitivity and high ethical standards (Mohindra and Labonté, 2010) .
In the words of Maori writer Linda Tuhiwai Smith (Smith, 1999) , research is 'probably one of the dirtiest words in the indigenous world's vocabulary' ( p. 1). Therefore, the question that arises is this: how do we undertake research that will contribute to improving the health of indigenous populations and reducing the health divide in a manner that is appropriate for and acceptable to indigenous populations? In this paper, we begin by discussing the definition of indigenous populations, a complex yet essential task for understanding the health needs of indigenous populations. This is followed by an overview of the current evidence base on indigenous health in LMICs. We then propose practical strategies for undertaking future research and present some recommendations for how global health researchers can contribute to improving the health of indigenous populations in LMICs.
WHO ARE INDIGENOUS POPULATIONS IN LOW-AND MIDDLE-INCOME COUNTRIES?
Defining indigeneity in LMICs has yielded considerable debate, sparked with controversy (Béteille, 1998; Karlsson, 2003; Kuper, 2003; Barnard, 2006) . It has been relatively easier for states to define indigenous populations in areas where there are aboriginals, that is, inhabitants who first occupied the land, such as the First Nations in Canada, the aboriginal peoples of Australia, the Maori of New Zealand, the Native Americans in the USA, as well as indigenous populations across many Latin American countries (Béteille, 1998; United Nations, 2009) . In other contexts, such as in Asia and Africa, this definition does not fit, since colonial powers did not replace whole populations with settlers of European descent (Béteille, 1998; United Nations, 2009 ). In Africa, most Africans consider themselves indigenous following decolonization from white colonial powers (Ohenjo et al., 2006) . In India, indigenous populations are known as Adivasi (meaning 'original inhabitants') or by the government sanctioned term of Scheduled Tribes as written in the Indian constitution (Franco et al., 2001; India Ministry of Tribal Affairs, 2004) . Some Indian scholars have argued that indigenous populations is an imposed construct from western countries, international institutions and human rights organizations, resulting in an obfuscation of the complex history between Adivasi and non-Adivasi populations (Béteille, 1998) .
However, there is a growing movement to expand the definition of indigeneity in LMICs in order to capture such complexities. It is not the exclusive domain of European and colonial powers to oppress; there is a need to recognize 'internal colonization'-the intricate histories that involve dominant groups oppressing marginalized groups (United Nations, 2009). In Africa and Asia, the concept of indigenous has shifted away from aboriginality towards a concept that encompasses self-definition, indigenous agency, cultural definition and colonial and post-colonial subjugation in relation to the majority population (Franco et al. 2001; Karlsson, 2003; Ohenjo et al., 2006) .
WHAT DO WE KNOW ABOUT THE HEALTH OF INDIGENOUS POPULATIONS IN LOW-AND MIDDLE-INCOME COUNTRIES?
Much of what is known about the health of indigenous populations in LMICs comprise three main sources of information. First, there are numerous early anthropological accounts. The Kalahari Bushmen or San, for example, captured the attention of early travellers and ethnographers interested in their hunting and gathering culture and relative isolation, as well as physical anthropologists who appeared to be especially fascinated by the blood and bones of the Bushmen (Weiner and Zoutendyk, 1959; Barnard, 2006) . Second, researchers have been collecting blood and tissue samples for population genetic and biomedical research. The skewed interest on these topics over population health investigations is striking. For example, the Pygmy peoples of Central Africa carry a high burden of infectious and parasitic diseases and nutritional deficiencies, which can be largely attributed to the social determinants of health, such as the breakdown of their traditional food systems and persistent discrimination faced by their communities, which restricts their access to health care and other basic services (Ohenjo et al., 2006) . However, the majority of studies focus on population genetics or molecular epidemiology (cf. Gonzalez et al., 2000; Tishkoff et al., 2009) . Indigenous groups have criticized the Human Genome Diversity Project, stating that scientists have been concerned with documenting and retaining genetic samples of disappearing indigenous populations rather than any expressed concern for the welfare of these disappearing populations . Third, there have been a series of excellent reviews on the health of indigenous populations, including specific reviews for Africa and Latin America and the Caribbean where the scant and fragmented evidence that does exist has been synthesized (Montenegro and Stephens, 2006; Ohenjo et al., 2006; Stephens et al., 2006) . As the authors point out, these reviews are based largely on non-peer reviewed and grey literature due to the sparseness of information. There was no review specific for Asia. In sum, our evidence base on indigenous health is limited, providing little direction in improving the health of indigenous peoples in LMICs.
Collecting systematic data on the health needs of indigenous populations has been hampered by a number of challenges. First, indigenous communities tend to live in remote and difficult terrains making it difficult to reach them. In some cases, researchers arrive only when there are serious epidemics, such as cholera (Witzig and Ascencios, 1999) . Second, some indigenous groups are nomadic, often migrating for their livelihoods. This can also make it difficult to reach communities which create difficulties in categorizing groups, since states may use different definitions of indigenous . Finally, many LMICs do not disaggregate survey and census data by indigenous status United Nations, 2009 ), and may not distinguish between different indigenous groups. In India, national surveys include a separate category for the Adivasi, but this masks heterogeneity that exists among the more than 700 different groups (Franco et al., 2001; India Ministry of Tribal Affairs, 2004) .
Researchers will likely need to draw upon multiple strategies to improve available data. The United Nations Permanent Forum has been working towards developing approaches to gathering and disseminating data on indigenous peoples (United Nations, 2009). Researchers can work with governments to break down data by indigenous status. And most critically, researchers can improve data availability and quality by collaborating with indigenous communities and local agencies to enable indigenous participation in determining the type and nature of data collection . This could include developing partnerships with non-governmental organizations (NGOs) who have established programs with indigenous populations in order to document their existent (but largely undocumented) knowledge (Mohindra and Labonté, 2010) . Researchers could also work collaboratively to develop and implement community-based monitoring systems that are culturally appropriate and effective in reaching remote communities.
PROPOSALS FOR FUTURE RESEARCH

Shifting to an indigenous lens
Indigenous researchers have challenged approaches that are rooted in scientific objectivity, calling for the use of indigenous theoretical frameworks, perspectives and 'ways of knowing' (Smith, 1999 ). An indigenous lens is a progressive indigenous viewpoint that recognizes historical and cultural oppression (Smith, 1999) . Shifting to an indigenous lens is important in all aspects of research: theoretical, methodological and translating research into action (Smith, 1999; Walters and Simoni, 2002; Mhurchu et al., 2009 ). An indigenous lens can also be used simply in how we interpret data. Survey data from censuses or standardized questionnaires can be valuable, but there is a need for them to be put into the appropriate context, otherwise the data could be extremely misleading (Browne et al., 2007; Castro et al., 2007) . For example, the Paniya tribe of South India are landless, impoverished and face cumulative risks of ill health-yet they reported having levels of self-perceived health similar to the highest social group (Mohindra et al., 2006) . Are the Paniyas in better health due to a lack of sedentary lifestyles adopted by other social groups? Do the Paniyas perceive themselves to be in better health due to their own conceptualizations of health? By viewing these data in context, we can better understand what is actually happening. The Paniyas were historically enslaved by upper caste Hindus; today they continue to be discriminated against and they experience economic and sexual exploitation (Mohindra et al., 2011b; Jose et al., 2012) . The Paniyas experience high levels of resignation and lack the capacity to aspire, which are characteristics that have been found among other extremely marginalized groups, and can influence how individuals perceive and rate their own health . This interpretation highlights the vulnerability of the Paniyas and has important policy implications. Simply injecting more resources may have little effect if unaccompanied by other changes, such as reducing racial discrimination in society and addressing internalized oppression among the Paniyas (Mohindra et al., , 2011a .
Understanding the local with indigenous populations
Scholars and activists have critiqued researchers for not engaging the participation of indigenous communities in the research process. To redress this, indigenous and nonindigenous researchers argue for research that focuses on indigenous priorities, while pursuing research that promotes self-determination, mobilization and transformation (Smith, 1999) . In high-income countries, researchers have been increasingly adopting participatory research designs, enabling communities to participate in the research questions being asked, the study design, the interpretation of results and how research is being disseminated in and outside of the community (Potvin et al., 2003; Cargo and Mercer, 2008) . There has been considerably less attention on how to conduct research with indigenous populations in LMICs. Should we be implementing similar approaches or do we need to tailor our approaches to LMICs, which may include large resources constraints, ethnic and racial violent conflicts, and inadequate securing of the rights of indigenous groups? Participatory research designs can raise a number of special challenges in resource poor settings. Two issues seem particularly relevant here. First, participatory initiatives involve close interactions between researchers and the community they are working with. There are often important differences in worldviews and socioeconomic circumstances between those intervening (especially researchers) and the participants. This is especially relevant in global health research, which often involves different nationalities and cultures working together, and fuelled by the dynamics of partnerships between researchers and institutions from high-income countries and LMICs (or North-South partnerships). North-South partnerships-which are wrought with its own history of 'scientific colonialism'-continue to face challenges related to North-South differences in research priorities and agendas, as well as ethical standards in doing research (Tan-Torres Edejer, 1999).
Second, participatory research aims to be empowering, especially when participants are from poor and marginalized communities; the research process itself may challenge the status quo and entrenched interests and can potentially lead to unintended harms (e.g. community uprisings leading to violent conflicts). It is not inherently clear that participatory approaches can be simply transposed. There is a need to scrutinize our approaches with local indigenous communities to find an appropriate process for their inclusion and to ensure community voices are heard.
Getting a grasp on the global forces that influence indigenous health
The health divide persists within and across countries, suggesting a need for scrutiny of global-level forces. Many issues are common to indigenous struggles (e.g. industrial exploitation, displacement, climate change); therefore, it is insufficient to solely focus our work on improving the health and capacities of indigenous peoples in their communities. Currently, we are facing a triple crisis -global financial crisis, food crisis and climate changethat is affecting communities in a multitude of ways (Schrecker, 2012) , and creating vulnerabilities that are affecting indigenous populations in far reaching ways. For example, many indigenous people face unique exposures and sensitivities to climate change due to their intimate, inter-dependent relationships with the land, sea and natural resources (Ford, 2012) . There is a need to identify and address the broader conditions that are creating vulnerabilities as the concern of researchers and health advocates should 'not be with the groups or conditions that are excluded, but with the socio-economic rules and political powers that create excluded groups and conditions, and the social groups who benefit by this.' [(Labonté, 2004) , p. 120]. However, despite there being an explosion of research on globalization and health in general (Labonté et al., 2009) , there has been scant attention paid to how globalization influences the health of indigenous populations.
RECOMMENDATIONS FOR RESEARCH AND POLICY
Global and public health researchers can play an important role in redressing the health divide between indigenous and non-indigenous populations in LMICs. First, we can help to get indigenous health to feature much more prominently on both the international policy and research agendas. Recommendations are currently being advanced for the post-2015 development agenda, with experts calling for a greater focus on equity, with a commitment to 'leave no one behind' (Watkins, 2014) . This provides an opportune time to ensure indigenous populations feature explicitly in the development agenda.
Second, we can critique unethical research practices and explore how to undertake appropriate and ethical research with indigenous populations. This may include activities, such as revising previous population health models or developing new theoretical frameworks with an indigenous lens, developing ethical guidelines and sharing best practices (Mohindra et al. 2011a) . We can also draw on recent work being done in high-income countries, where researchers have been attempting to develop better approaches for doing research with indigenous peoples. Examples of these approaches are: developing research priorities based on the health status and health determinants of indigenous populations; modifying peer review processes in grant applications to include criteria related to collaborative processes with indigenous communities; developing more appropriate recruitment strategies to adequately represent indigenous peoples in intervention trials and ensuring systematic reviews on indigenous health reflect the needs of indigenous peoples (Young, 2003; Mhurchu et al., 2009; Street et al., 2009; McDonald et al., 2010) .
Third, there is a need to cast a wider net in understanding and acting upon the determinants of indigenous health. We can strive to work closer with indigenous populations to address local needs and priorities, while concomitantly addressing the global-level determinants (or the intersections between the global and the local).
CONCLUSION
The health of indigenous populations in LMICs has failed to capture adequate attention by researchers, despite the existence of a 'health divide' across many countries. Global health researchers can play an important role in improving the health of indigenous populations by engaging in collaborative, culturally appropriate research. This will require examining, critiquing and improving upon our own research practices. This will open up greater possibilities to influence local, national and international policy-makers to develop and implement appropriate healthy public policies for indigenous populations.
